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pECENT research has established that age-related inr\ fluences on many different cognitive variables are not independent, but instead thatl0%o or more ofthe age-related variance is shared with other variables (Salthouse, l99}b, 1994b (Salthouse, l99}b, , 1996a . This finding suggests that adult age differences in cognition are not exclusively attributable to taskspecific processes but instead are determined at least partially by broader or more general factors. Variations in these broad factors are unlikely to be responsible for all of the observed age differences in cognitive functioning, but it is important to assess and understand the contribution of anv general factors that might exist because the role of morl specific factors cannot be accurately determined unless the general influences are first taken into consideration.
One approach that can be used to investigate the nature of the hypothesized common or general factor is to determine which variables "age together" in the sense that they share large portions of their age-related variance. That is, to the extent that a variable is found to have considerable overlap of its age-related variance with the age-related variance in other variables, then it can be inferred to be either a cause or a consequence of the hypothesized common factor.
For example, a number of studies have examined measures of how quickly simple comparison or substitution operations can be executed. Nearly everyone achieves perfect accuracy in these tasks if enough time is allowed, and thus performance is usually assessed in terms of how quickly the tasks can be completed. Because measures of performance in tasks of this type have been found to share'75Vo or more of the age-related variance from a variety of cognitive measures, speed of processing has been postulated to be centrally involved in the hypothesized common factor (Salthouse, 1993 (Salthouse, , 1994b (Salthouse, , 1994c (Salthouse, , 1996a .
Recently, however, Lindenberger and Baltes (1994) have reported that measures of sensory ability also shared large proportions of age-related variance with several measures of cognitive functioning in a sample of adults between 70 and 103 years of age. Furthermore, the relations they reported were apparently not merely a consequence of difficulty registering the stimuli, because similar patterns were evident with measures from three different sensory modalitiesvision, hearing, and balance. Among the possibilities discussed by these authors was that the sensory and cognitive measures were related because they were both indicators of the hypothesized common factor that has been postulated to contribute to adult age differences in many measures of cognitive functioning.
The goal of the current project was to investigate the role of sensory ability on age-cognition relations in healthy samples of adults from a younger age range -between approximately 18 and 80 years of age -than the sample studied by Lindenberger and Baltes (1994) . (See Appendix, Note I ). Only measures of near visual acuity were examined because Lindenberger and Baltes (1994) found similar relations with measures from each sensory modality, and vision is the easiest sensory modality to assess. Moreover, visual acuity was assessed while the individuals were wearing their normal corrective lenses, because Lindenberger and Baltes (1994) found that this measure exhibited stiong relations both with age and with measures of cognitive functioning.
Note that, because vision is assessed when the research participants were wearing corrective lenses, everyone might have been expected to have close to optimum acuity if the optical corrections were fully effective in remediating any visual defects. However, the research literature contains many reports of age-related declines in corrected visual acuity (e.g., Burg, 1966; Chapanis, 1950; Fozard, 1990; Gittings & Fozard, 1986; Pitts, 1982) . There is some difference of opinion as to the primary factors responsible for the age-related acuity loss, because Kline and Schieber (19S5, p. 3l) claim that "Much of the slight to moderate loss in static visual acuity accompanying normal aging appears to be due to changes in the optic media of the eye," whereas Weale (1982, p. 167) suggests that optical factors are responsible for only some of the declines in visual acuity, with the rest attributable to loss of neural cells. When acuity is assessed at relatively close viewing distances, as was the case in the present studies, reductions in the effectiveness of P3l8 accommodation probably also contribute to negative relations between age and visual acuity because of a decreased ability to focus on near objects. Regardless ofthe reasons for the age-related declines in corrected near visual acuity, however, the visual acuity measure is of interest if it is also related to measures of cognitive functioning because it might then be another reflection of the hypothesized common factor.
The primary analytical strategy in this project involved partitioning the variance among age. vision. and cognitive variables to determine how much variance is shared in various combinations. The goal was to find out which variables "age together" by, in effect, examining the correlations between the age-related effects on different variables. That is, the age-related effects can be expressed as the square of the correlation (i.e., the covariance), and then the degree of independence of the relations between age and different variables can be examined by inspection of the overlap of the age-variable covariances.
Commonality analysis (Pedhazur, 1982) was the principal method used to accomplish the variance partitioning. When there are two predictors (e.9., age and vision) of a measure of cognitive functioning, three variance proportions are of interest in commonality analysis. Two of these proportions represent unique contributions of age and of vision, respectively. They can be computed with hierarchical regression procedures and correspond to the increment in Rt associated with one predictor variable after the variance in the other predictor variable has been controlled. The estimates therefore represent the variance in the criterion variable associated with one predictor that is independent of the other predictor. These unique variance estimates would be expected to be high if most of the influences of the predictor were distinct from the other predictor, but they would be expected to be low if most of the influences were shared. The third variance estimate represents the common variance in the criterion variable that is shared between the two predictors, and is not unique to either. It is computed by subtracting the estimate of the unique contribution of a predictor on the criterion variable from the total effects ofthe predictor on that variable. In the current context, this estimate of shared variance can be interpreted as the contribution ofthe hypothesized common or general factor on the age-related effects in the criterion variables.
An extension of commonality analysis proposed by Salthouse (1992b Salthouse ( , 1994b was also used to express the ratio of shared to total age-related variance in the form of a correlation coefficient. The traditional Pearson productmoment correlation reflects the square root of the ratio of shared to total variance for all of the variance in the variables, and the partial correlation controlling for age conesponds to the square root of the shared to total ageindependent variance in the variables. In contrast, the quasi-partial correlation is the square root of the ratio of the shared to total age-related variance. It will be high if much of the relation between the variables is because of a common factor associated with both variables and with age, and it will be low if most of the age-related influences are unique.
Commonality and quasi-partial correlation analyses were conducted both with cognitive measures and with speed measures as the criterion variables. Speed measures are interesting because previous research has revealed that speed measures share a large proportion of the age-related variance with many cognitive measures (e.g., Bors & Fonin, 1995; Bryan & Luszcz, 1996; ' Graf & Uttl, 1995; Hertzog, 1989; Lindenberger, Mayr, & Kliegl, 1993; Nettelbeck & Rabbitt, 1992; Salthouse, 1992a Salthouse, , 1993 Salthouse, , 1994a Salthouse, , 1994c Salthouse, , 1996a Salthouse, , 1996b Schaie, , 1990 .
Analyses from three separate data sets are reported in this article. Two data sets were from studies conducted for other purposes, but some of those data were amenable to the present analyses because the participants spanned a wide age range and measures of visual acuity and speed were obtained from every participant. The other tasks in these studies were not traditional cognitive tasks and thus only the speed measures from those studies are reported here. The third data set is from a new study with the same four speed measures as in Studies I and2 and also three measures of working memory and measures from an associative learning task and from a concept-identifi cation task.
Studies I and 2
The purpose of the analyses in the initial two studies was to investigate the role of vision on the relations between age and relatively simple measures of processing speed. Of particular interest was whether strong negative relations between age and corrected near visual acuity would be found in samples of healthy adults between approximately l8 and 80 years of age and the degree to which the age-related variance in the measures of processing speed was shared with the age-related variance in the vision measure.
METHoD
Subjects. -Participants in these studies consisted of 77 and 127 adults, respectively, in Studies I and 2. Descriptive characteristics of the participants are summarized in Table l , where it can be seen that nearly all of them reported themselves to be in good to excellent health. (More details about the participants are provided in the complete reports of these studies; Salthouse, Hambrick, Lukas, & Dell, in press; Meinz & Salthouse, 1996) .
Procedure. -Visual acuity was assessed by means of a near-vision eye chart held at a distance of approximately 30 cm in a room with normal (uncontrolled) ambient illumination. The chart (Scalae Typographicae Birkhauseri, Birkhauser Verlag, Basel) contained both Landolt C and two-digit number stimuli in 10 different font sizes conesponding to Snellen acuity ratios of .l to 1.0. The assessment consisted of asking research participants to read the numbers or state the direction of the gap in the C with each type of stimulus, first with the left eye covered and then again with the right eye covered. The Snellen ratio corresponding to the smallest font size at which this could be accomplished with fewer than two errors out of the 8 to l6 items at each font size was identified as the visual acuity estimate. Participants used any corrective lenses they had available during the testing, but we have no information about the recency, or accuracy, of their optical correction. Although this particular visual acuity test has not been widely used in the United States, it has several advantages for the current purposes. First, and most important, the test is from the same set of acuity tables used by Lindenberger and Baltes (1994) and Baltes and Lindenberger (1995, in press) , and therefore we can examine the replicability of their results with a very similar assessment instrument. Second, unlike many acuity tests, two types of stimulus (2-digit numbers and Landolt C) are presented, and therefore it is possible to determine whether the results are specific to a particular type of stimulus. Third, the stimuli are calibrated in equal Snellen ratios from 0.1 to 1.0 in steps of 0.1, and thus there is a wide range of sensitivity within the normal population. And fourth, the acuity estimates from this test were found to correlate .91 with the estimates from a more traditional visual acuity test (i.e., the Lighthouse Near Visual Acuity Test, Modified ETDRS with Sloan Letters) in a sample of 19 individuals.
Two of the speed tasks were administered with paper-andpencil procedures. The letter comparison task consisted of the presentation of pairs of three, six, or nine letters, with approximately half of the pairs differing in the identity of one letter. The participant was instructed to write an "S" (for same) or a "D" (for different) on a line between the numbers of the pair and to work as many of the items as possible within 30 sec. The pattern comparison test was very similar except that the pairs consisted of patterns composed of three, six, or nine line segments. Each test began with a page containing several sample items, and then was administered in two separately timed (30 sec) sections. The score in each section was the number of items marked correctly minus the number of items marked incorrectly, and the average of the two scores served as the primary performance measur9. The digit-digit and digit-symbol reaction time tasks were administered on computers. Trials in each task consisted of the presentation of a code table at the top of the computer screen and a pair of probe items in the middle of the screen. In the digit-digit task, the code table contained nine pairs of identical digits and hence was superfluous, but in the digitsymbol task, it contained nine digits each paired with a different symbol. Probe items consisted of pairs of digits in the digitdigit task and pairs of a digit and a symbol in the digit-symbol task. Research participants were instructed to press the " 1" key on the keyboard if the members of the probe pair were the same (i.e., either physically identical in the digitdigit task or associationally equivalent in the digitsymbol task), and to press the "2" key on the keyboard if the members of the pair were different. A practice block of l8 trials preceded the experimental block of90 trials in each task. Because accuracy averaged over 95Vo, the median reaction time served as the primary measure of performance in these tasks.
No constraints on viewing distance were imposed in any of the tasks. However, the visual angles at a viewing distance of 45 cm were approximately two degrees for the letter comparison and pattern comparison stimuli, and four degrees for the digit-digit and digit-symbol stimuli.
RESULTS AND DISCUSSION

Age-Vision Relations
The visual acuity scores with the Landolt C and with the two-digit number stimuli were highly correlated with one another (i.e., r's > .7), and thus the average of the two scores was used as the visual acuity estimate for each eye. The vision scores across the two eyes were also moderately to highly correlated with one another (r : .82 in Study l, r : .49 in Study 2), and thus the average across the two eyes was used as a composite vision score (see Appendix, Note 2). Estimated reliability of the composite vision score was computed by determining the partial correlation between the scores for the two eyes controlling for age and then boosting that value by the Spearman-Brown formula. The resulting estimates were .87 in Study I and .59 in Study 2. Because the results of the analyses reported below were very similar with the visual acuity score in each eye serving as the vision measure, the aggregation across eyes primarily serves to increase the reliability of the vision measure (see Appendix, Note 3). Figure I portrays the relations between age and the composite vision measure in Studies I and 2. It is apparent that there were strong negative age relations on the corrected near-vision acuity measure in samples ranging from l8 to 80 years of age.
Regression analyses revealed that the quadratic (agesquared) term was significant in both Study I and Study 2 and was responsible for an additional6.6Vo of the variance in Study I and an additional 3.0Vo of the variance in Study 2. Separate analyses on the subgroups above and below the median age indicated that the nonlinear effects were attributable to a smaller age relation at older ages. Neither the gender main effect nor the interaction of Age X Gender was significant in either study.
The influence of health measures on the relation between age and vision was examined by conducting a principal components analysis on the eight health measures (see Table  l ), and then controlling the variance in the component scores before examining the relationship between age and vision. The principal components analysis of the health variables in Study I indicated that two components had eigenvalues greater than 1.0. The first component had high loadings on all health variables except for reports of head injury and of treatment for neurological disorders and was correlated .29 with age. The second component had high loadings on the head injury and neurological treatment variables and was correlated -. 14 with age. The R2 associated with age in prediction of the composite vision index was .379, and this was reduced to .293 after control of factor I and to .376 after control of factor 2.
In Study 2 the principal components analysis revealed three components with eigenvalues greater than l. The first had major loadings from the self-rated heath variables, the second had a high loading from the cardiovascular surgery variable, and the third had a high loading from the report of neurological treatment variable. Correlations of age with the components were .05, -.01, and -. 10, respectively. The age-related variance in the composite vision measure was .510, and it was reduced to .507 after control of the first component; it was reduced to .509 after control ofthe second SALTHOUSE ET AL. The results of the analyses just described suggest that the observed relations between age and vision are not mediated by poorer health, at least as health is assessed with the relatively crude self-report measures in these studies. Similar analyses with control ofthe variable ofyears ofeducation also resulted in little reduction of the age-ielated variance in the composite vision measure. That is, after the amount of education variable was statistically controlled, the R, for age was reduced from .379 to .37 | in Study I , and from .5 10 io .479 in Study 2.
Age-Speed Relations
The initial analysis on the speed measures consisted of computing correlations, partial correlations, and quasi_ partial correlations between pairs of speed measures. In Study I the absolute magnitude of the correlations ranged from .34 to .65, the range for the partial correlations was .24 to .59, and the range for the quasi-partial correlations was .71 to .86. In Study 2 the ranges of the absolute values were .27 to .63 for the correlations, .10 to .54 for the partial correlations, and .58 to .91 forthe quasi-partial correlations.
The relatively large values of the quasi-partial correlations indicate that a substantial proportion of the shared variance between pairs of speed variables was also related to age. However, it should be noted that one reason the quasi-partial correlations are larger than the other correlations is that all of the age-related variance was reliable, whereas some of the total variance and of the age-independent variance was due to error and hence was not systematic.
A composite speed index was created by subtracting the average z-score for the digitdigit reaction time and digir symbol reaction time measures (r : .65 in Study I and r = .50 in Study 2) from the average z-score for the letter comparison and pattern comparison measures (r : .49 in Study I and r : .63 in Study 2). Note that the subtraction reflects the fact that the reaction time measures are scaled in time per item, whereas the comparison measures are scaled in items per time. This composite speed index served as an additional speed measure in the subsequent analyses.
Influence of Vision on Age-Speed Relations
Tests for the Age x Vision interaction were conducted by entering the cross-product term after the age and vision term's in the multiple regression equations with the five speed measures as criterion variables. Only one of the interaction tgrms (i.e., on Digit Symbol Reaction Time in Study 2) was significant at the specified (cr : .Ol) significance level, and therefore there is little evidence that the relations between vision and speed varied as a function of age. Table 2 contains commonality estimates of the proportions of variance in the speed measures associated with different predictors. Note that the proportion of variance in the speed measures unique to vision was near zero for all five speed measures. This indicates that there was little ageindependent relation between vision and speed and implies that almost all of the relation between vision and speed was attributable to the age variation.
The estimates of the variance unique to age ranged from 46 to 66Vo of the total age-related variance in Study l, and from 38 to6l%o in Study 2.The percentage ofthe total agerelated variance common to vision averaged 43Vo instudy I and 53Vo in Study 2. It can therefore be concluded tirat approximately half of the age-related variance in the current speed measures is shared with a measure of near-vision acuity.
Although only about 5O7o of the age-related influences on speed were shared with the vision measure, it is nevertheless important to note that there were strong negative relations between age and corrected near-visual acuity. and moderate correlations between the visual acuity meisure and speed measures obtained under high visibility conditions. The next study was therefore conducted to determine whether similar, or possibly even larger, relations of vision would be evident with measures from higher-order cognitive tasks.
Study 3
Previous research has indicated that processing speed is a major factor in the age relations on any cognitive measures (e.g., Bors & Forrin, 1995; Bryan &Luszcz,1996; Graf & Uttl, 1995; Hertzog, 1989; Lindenberger, Mayr, & Kliegl, 1993; Nettelbeck & Rabbitt, t992; Salrhouse, 1992a Salrhouse, , 19i3, 1994a Salrhouse, , 1994c Salrhouse, , 1996a Schaie, I 989, I 990) . The question of interest in this study was whether the age-reiated variance that is shared with speed is unique or whether it is also shared with measures of vision. If the laffer is the case, this would suggest that a common factor reflecting relatively broad central nervous system functioning may be responsible for the mediation of age-related cognitive differences.
The tasks administered in this study consisted of the same four speed tasks used in Studies I and Z and, in addition. three working memory tasks and two tasks assessing higherorder cognitive functioning. Two of the working memory tasks, reading span and computation span, have been used in several previous studies (Salthouse & Coon, 1994; Salthouse & Meinz, 1995) . The zback task was based on a task originally described by Kay (in Welford, 1958) and Kirchner (1958) . It consisted of the presentation of a series of randomly selected digits with the participant asked to report the digits n back in the sequence. Values of n equal to 0, l, and 2 were used in this study.
The two higher-order cognitive tasks were associative learning (Salthouse, 1994a ) and a computer-administered version of the Wisconsin Card Sorting Test (WCST; Heaton, Chelune, Talley, Kay, & Curtiss, 1993) . These particular cognitive tasks are of special interest because both yield measures ofperseveration responses that have been found to increase in frequency with increasing age. Although the increase in perseveration responses with increased age seems well established, particularly for the WCST, there are two important questions about this phenomenon. First, are perseveration measures from different tasks highly conelated, as would be expected if they reflect a common construct? And second, are the age differences in perseveration responses mediated by age-related differences in working memory, as might be expected if they are attributable to a failure to effectively process feedback information (cf., Salthouse, 1994a) 2 It should be possible to answer these questions with data from a study in which the participants performed a battery of working memory and associative learning tasks in addition to the WCST. The data in this study were examined with two sets of commonality analyses. The first set of analyses was identical to those in Studies I and2, with age and vision as predictors of the speed measures. The second set of analyses involved three predictors (i.e., age, vision, and speed) ofthe working memory and cognitive measures. The goal in these analyses was to determine whether the age-related variance shared with speed and cognition was the same as the age-related variance shared with vision and cognition. If so, then this result would be consistent with the common factor interpretation. If not, then separate speed and vision influences on the age differences in cognition would presumably need to be postulated.
METHOD
Subjects. -The sample consisted of 197 adults between l8 and g2years ofage. None ofthe individuals had participated in either of the previous studies. Descriptive characteristics of the participants are summarized in Table 3 , where it can be seen that most of the participants reported themselves to be in good to excellent health, and had attended college for an average oftwo to three years.
Procedure. -All participants performed the following sequence of tasks in a single session of approximately two hours. The tasks included letter compiuison' pattern comparison, synonym vocabulary, antonym vocabulary, digitdigit reaction time and digirsymbol reaction time (in counterbalanced order), sentence span, computation span, nback with n equal to 0, l, and 2 (in counterbalanced order), computer-administered WCST, and associative learning.
The letter comparison, pattern comparison, digit-digit reaction time, and digitsymbol reaction time tasks were identical to those administered in Studies I and 2. The same vocabulary tests from the earlier studies were also used in this study and consisted of 10 four-alternative multiple choice items for both the synonym and antonym tests.
The reading span and computation span tasks were identi- cal to those used in earlier studies by Salthouse and Coon (1994) and Salthouse and Meinz (1995) . Each consisted of a practice set of trials followed by two experimental blocks with different items in each set. Trials in the reading span task involved the presentation of a short sentence accompanied by a question and three alternative answers. The research participant was instructed to use the arrow keys on the keyboard to position an arow in front of the correct answer to the question while also remembering the last word in the sentence. After selecting the answer to the questions, a prompt appeared, requesting the participant to recall the target words by typing them on the keyboard. The number of sentences (and to-be-remembered words) increased to a maximum of nine as long as the participant was correct on both the comprehension question and the recall on at least two of the three trials at each list length. The span estimate was the largest number of items at which the participant was correct on both the comprehension and the recall on at least two of three trials. The computation span task was very similar to the reading span task, except that it consisted of arithmetic problems instead of sentences, and the items to be remembered were digits instead of words. The nback task involved the presentation of a sequence of l0 to 12 (i.e., n + 10) digits on the computer screen with the participant instructed to type the digit 0, l, or 2 items back in the sequence. Each digit appeared for 1.5 sec, and the appropriate response had to be entered within that interval to be counted as correct. Participants received practice in each of the three conditions (i.e., n : 0, l, and 2) before performing a total of six trials in each condition, with the conditions presented in a counterbalanced order (i.e., 0-l-2-2-l-O). The n : 0 condition was primarily a control condition because there was no storage requirement when the digit to be typed was currently on the screen. Performance could be less than maximum (l00Vo) in this condition because of confusion about the instructions and/or difficulty in locating the response keys and responding within the 1.5-sec interval. The influence of these factors on performance in the other conditions was examined by computing the residuals in predictionof then: I and n:2 scoresfromamultiple regression equation after controlling for the n : 0 score. However, because these residuals were highly correlated with the raw scores (i.e., .83 for n : I and .90 for n : 2), only the raw scores were used in subsequent analyses.
A computer-administered version of the Wisconsin Card Sorting Test was used to present the WCST. (The computer program was developed by John L. Woodard, who kindly allowed us to use it in this study). The standard version of this test consists of a set of four stimulus cards and I 28 response cards, which are to be sorted into the appropriate stimulus category according to principles (i.e., on the basis of color, form, and number) that had to be discovered, and which changed throughout the test. Instead ofpresenting the stimulus and response items as cards, in the computeradministered version they were displayed as boxes on the computer screen. A response card was sorted into the appropriate category by typing a number from I to 4 corresponding to the stimulus item below which the response card should be placed. The response card then appeared underneath the stimulus card and both auditory (i.e., tones of different frequencies) and visual (i.e., "Right" or "Wrong") feedback was presented. The two measures of primary interest in this test were the number of categories (out of a maximum of six) successfully completed, and the percentage of perseverative errors in which the participant continued to respond to a previous category after the sorting principle had changed.
The associative learning task was very similar to the tasks P324 described by Salthouse (1994a) . An initial practice block with two pairs of stimuli was presented, followed by two blocks of six trials each with six symbol pairs as stimuli. Trials in the task consisted of the presentation of a single stimulus item on the left of the screen and a column of six response items on the right of the screen. The response was selected by using arrow keys to position an ilrow in front of the designated response item, after which feedback was presented in the form of an auditory signal and visual highlighting of the correct response term. A variety of detailed performance measures can be derived from this task (see Salthouse,1994a) , but the two of primary interest in this study were the percentage of correct responses and the percentage of perseveration responses in which the same incorrect response to a stimulus was repeated on successive trials. As in Studies I and 2, participants viewed the stimuli without constraints; therefore viewing distance was not controlled. However, visual angles for the target stimuli at a viewing distance of 45 cm were approximately 4 degrees for the items in the digit-digit, digit-symbol, and associative learning tasks, 2 degrees for the characters in the reading span and computation span tasks, l4 degrees for the digits in the nback task, and 6 degrees for the individual symbols and 24 degrees for the "cards" in the computer-administered WCST.
RBsulrs AND DISCUSSIoN
Age Relations Means, standard deviations, age correlations and estimated reliabilities of the performance measures are summarized in Table 4 . All variables were significantly related to age except for the WCST perseverative error measure, and the reliability estimates were all in the moderate range except for the associative learning perseverative erors measure. Because the WCST was administered only once, no reliability estimates could be computed for the measures in this task.
The age relationships on the measures of performance in the associative learning task were similar to those from two studies reported in Salthouse (1994a) where the age correlations were -.41 and -.30 for the percentage correct measure and .36 and .20 for the perseveration elror measure. The age relations on the WCST measures in this study were smaller than those in a recent study (Salthouse, Fristoe, & Rhee, 1996) using the traditional card version ofthe test. That is, in the earlier study the age correlations were -.41 for the number of categories measure and .43 for the perseveration measure. It is not clear whether the smaller age relations in the current study are attributable to differences in the format ofthe test, to sample differences, or to factors related to the other tests administered prior to the WCST.
Other measures from the associative learning task and the WCST were also examined. Unlike earlier studies (Salthouse, 1994a) , the measure of percentage forgetting in associative learning had a low (r : .10) and nonsignificant correlation with age in this sample. The percentage of conceptual level responses in the WCST had a correlation of -.20 with age, but it was largely redundant with the other WCST measures because it was correlated .91 with the number of categories measure and -.80 with the percentage of perseveration errors measure.
The correlation between age and the WCST perseveration SALTHOUSE ET AL. enor measure was small (r : .09), and the perseverative measures from the associative learning and WCST tasks were weakly related to each other (r : .16). The low correlation between the two perseveration measures provides little evidence for a common perseveration construct. Table 5 contains correlations, partial conelations, and quasi-partial correlations for the speed and working memory measures. In all cases, the product-moment correlations, representing shared total variance, were somewhat higher than the partial correlations, representing shared igeindependent variance. The quasi-partial correlations, repielgnling shared age-related variance, were consistently the highest. This pattern indicates that the variables shared a large proportion of their age-related variance, but much smaller proportions of their total variance or of their ageindependent variance.
Speed andWorking Memory
Composite speed and working memory variables were formed for later analyses. The composite speed measure was created by subtracting the average of the z-scores for the digirdigit reaction time and digit-symbol reaction time measures from the average of the z-scores for the letter comparison and pattern comparison measures. The composite worklng memory measure was formed from the average of the
V I S I ON -C O GN ITI O N RELATI ON S
Pearson Correlation z-scores for the four working memory measures. In both cases, higher scores in the composite measures corre_ sponded to better performance.
Hierarchical regression analyses were next conducted with the working memory measures as the criterion variables and age and the composite speed measure as predictors. The age-related variance in the working memory measures was significantly greater than zero for all measures when age was the only predictor, but it did not differ significantlf from zero when age was considered after control of the composite speed measure. For example, the proportions of age-related variance for the composite working memory measure were .084 for age alone, and .000 for the increment in R2 associated with age after control of the speed index. These results are very similar to those from several earlier studies in which processing speed has been postulated to mediate age-related influences on untimed measures of working memory (e.g., Salthouse, 1992a; l994d; Salthouse & Babcock, t99t; Salthouse & Meinz, 1995) . Table 6 contains the results of hierarchical regression analyses with cognitive measures as the criterion variables and age and the composite speed and composite working memory measures as predictor variables. Notice that there was substantial reduction in the age-related variance ofeach criterion variable after control of the composite working 
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memory measure. However, the reduction of age-related variance was also considerable after control of the composite speed measure, and the residual age-related variance was nearly the same after control of only the speed measure as after control of both the speed and working memory measures. The finding that a large proportion of the age-related variance in measures of working memory and higher-order cognitive functioning from tasks without time limits is shared with simple measures of processing efficiency is consistent with the results of numerous recent studies (e.g., Lindenberger et al., 1993; Salthouse, 1992a Salthouse, , 1993 Salthouse, , 1994a Salthouse, , 1994c Salthouse, .1996a ).
Age-Vision Relqtions
The estimated reliability of the composite vision measure, computed in the same manner described in Studies I andZ, was .80. The relation between age and the composite vision measure is portrayed in Figure 2 , where it can be seen that the parameters of the regression equation were very similar to those in Studies I and 2. Tests of the quadratic age trend, of the gender main effect and of the Age x Gender interaction indicated that none were significant.
The influence of health measures on the age-vision relations was examined in the same manner as in Studies I and2. The principal components analysis on the eight health measures yielded three components with eigenvalues greater than 1.0. The components, defined in terms of the variables with the highest loadings (and the correlations of the components with age), were: self-ratings (.14), cardiovascular (.41), and neurological (-.14). The age-related variance (i.e., R'associated with age) in the vision measure was .405 Chronological Age Figure 2 . Relation between composite visual score and age in Study 3. Each point represents a different individual.
when age was the only predictor and was .385 after control of the self-rating component, .327 after control of the cardiovascular component, and .299 after control of the neurological component. There was some reduction in the relations between age and vision after control of the health variables, particularly after control of the variance in measures of reports of head injury and treatment of neurological disorder. However, this is a somewhat different pattern than that observed in Study I and may simply reflect sampling variation. There was little reduction of the age-related variance in the composite vision measure after control of the number of years of education (i.e., from .405 to .401).
Influence of Vision on Age-Speed Relations
Tests were conducted for the interaction of Age x Vision on the speed variables, but the interaction was not significant for any speed measure. As in Studies I and 2, therefore, there is little evidence that the relation between vision and speed varies as a function of age. Table 7 contains the commonality estimates for the speed criterion measures. Note that there was relatively little variance shared between vision and speed that was independent of age, but that about one third of the total age-related variance in speed was independent of vision. The estimates of the common influence in this study were somewhat larger than those in the earlier studies, but the overall pattern is generally similar to that in Studies I and2.
Influence of Vision and Speed on Age-Cognition Relations
Interactions of Age x Vision and Age x Speed were examined in multiple regression equations with the working memory and cognitive measures as the criterion variables. None of the interactions were significant for any of the cognitive criterion variables, and thus there is no evidence that the relations between vision and working memory or between vision and the cognitive measures vary according to age. Table 8 contains results of the commonality estimates with age, vision, and speed as predictors of the cognitive measures. Notice that a very similar pattern was evident with all measures. The unique contribution of age was quite small, and most of the age-related variance was shared with both vision and speed. These results are consistent with the earlier findings that a large percentage of the age-related variance in measures of working memory and of higher order cognition is shared with a measure of speed (also see Table  6 ). However, the previous findings are extended by the discovery that vision is also a component of that factor. An average of almost 89Vo of the age-related variance in the working memory and cognitive measures was shared with both vision and speed.
Structural Equation Model
The final analysis examined the fit of a structural equation model with a single common factor postulated to mediate the age-related influences on all speed and cognitive variables' Several of the measures were transformed (i.e., the reciprocals of the digirdigit and digirsymbol reaction time values were multiplied by 10,000, and the nback and associative learning percentage correct values were divided by l0) to SALTHOUSE ET AL. obtain similar variances of the measures for the analysis. A single common factor with relations from age and to all of the variables was then specified, and each variable was examined to determine if it had a significant relation directly from age. The only variables with direct relations from age were the two vision measures. Despite little attempt to model relations among variables, except to allow correlated residuals between measures derived from the same methods, the model provided a moderately good {it to the data (1, 1df : 591 : 135.06,Std. RMR : .O7,GFI : .89,AGFI : .83, CFI : .94). The model, with significant path coefficients expressed in standardized form, is illustrated in Figure 3 .
General Discussion
Two sets of results from the present studies were rather surprising. The first unexpected results were the strong negative relations between age and a measure of corrected visual acuity found in three independent samples (Figures I and 2) . The second surprising set of results was the high proportion of the age-related variance in measures of speed, working memory, associative learning, and concept identification that was shared with the measures of vision (Tables 2, 7 , and 8). Although similar findings were reported by Lindenberger and Baltes (1994) , their sample was composed entirely of older adults and even they suspected that the relations ofthe sensory measures would be much reduced in a younger sample. (But note that these researchers have recently extended their research to a wider age range and found similar results; cf., Baltes and Lindenberger , 1995, in press ). Furthermore, many investigators have screened research participants for vision but have not reported that large numbers of potential participants were excluded for this reason, and they still found significant age differences in many cognitive measures (e.g., Hahn & Kramer, 1995; Hartman, 1995; McCalley, Bouwhuis, & Juola, 1995; Paul, 1996) . This raises the posiibility that there is something unusual about the current vision assessment, and it is certainly true that corrected visual acuity was not measured under optimum conditions because there was no control over illumination and no restraints were used to ensure that the viewing distance was exactly 30 cm. Nevertheless, the measures were generally quite reliable as evident in the reliability estimates and in the strong relations with other variables. Moreover, the age relations were also apparently not attributable to declining health because there was relatively little attenuation of the relations between age and vision when measures of self-reported health were controlled. Of course, the range of health status examined in these studies was likely quite limited compared to the general population because nearly all of the participants in the current studies reported themselves to be in good to excellent health.
It is also important to note that there was little evidence that the relation between vision and either the speed or the cognitive measures varied as a function of age. This conclusion is admittedly based on acceptance of the null hypothesis, but because the pattern of a nonsignificant interaction between age and vision was replicated across three or more measures in each of three independent studies, it can probably be treated with some confidence. The relations involving vision therefore do not seem to be attributable to visual pathologies emerging only at middle or late adulthood.
Because correlations among age, measures of cognitive functioning, and measures of visual functioning have been reported by Clark (1960) and Heron and Chown (1967) , the data from those studies were reanalyzed to estimate the amount of age-related variance in their cognitive measures that was shared with the vision measures. The assessment of vision in the Clark (1960) study was in terms of "near accommodation distance" but specific details of the stimuli or viewing distance were not provided. Analyses of the correlations in the Clark sample of 102 adults between 20 and 70 years of age revealed that this vision measure shared 58.l%o of the age-related variance with the PMA Reasoning measure and 50.77o of the age-related variance with the PMA Space measure. Heron and Chown (1961) assessed visual acuity with Landolt C stimuli viewed at a distance of 6 meters with both eyes (uncorrected). Analyses of the relevant correlations revealed that, in their sample of 300 males, 3l.4%o of the age-related variance in the score on the Raven's Progressive Matrices was shared with the vision measure and that 46.OVo was shared in their sample of 240 females. Neither of these studies reported estimates of the reliability of the vision measures, and therefore it is possible that the smaller proportions of shared age-related variance than in the current studies are attributable to less reliable assessment of vision. It is nevertheless important to note that similar results indicating that moderate to large proportions of the age-related variance in measures of cognitive functioning are shared with measures of visual functioning are apparent in other data sets with different measures of vision and cognition.
Following Lindenberger and Baltes (1994) , there seem to be three possible interpretations of the relation between the vision and cognitive measures. One possibility is that visual deficits are responsible for the cognitive deficits because individuals with low vision may not be able to adequately register the stimuli. Although intuitively reasonable, this interpretation does not seem plausible in the current situation because all stimuli were of high contrast and relatively large in terms of visual angle. That is, the smallest stimuli subtended visual angles of about two degrees at a typical viewing distance and should have been easily visible by everyone because all participants had composite vision scores above zero. It is also important to note that there was little or no relation between the vision measures and either the speed or the cognitive measures that was independent of age (cf., Tables 2,'1 , and 8). therefore limited to the aspects of the speed, working memory, and cognitive tasks that were affected by increased age. A second possible interpretation ofthe influence ofvision in these studies is that the visual assessment involves cognitive processes. That is, research participants need to comprehend instructions, to maintain concentration, and to have at least a minimum level of motivation to perform well in the visual acuity task. Although it is true that all these aspects are required in the vision test, the cognitive demands are almost certainly substantially less than those in tasks explicitly designed to assess cognitive functioning. Ifthe cognitive requirements in the vision test are responsible for the relations with the other variables, therefore, a very primitive form of cognition must be involved. An interesting, and testable, implication of this interpretation is that the relations to the cognitive measures should be greatly reduced or eliminated if the visual assessments could be obtained with little or no cognitive involvement.
A third interpretation of the vision-cognition relations is that the visual acuity measures are another manifestation of a common factor contributing to the age differences in many behavioral variables. This interpretation differs from the first because instead of attempting to attribute causal priority to certain variables, all of the variables are considered to be reflections of a common factor that is related to both age and to the variables. To illustrate, although a path model with vision postulated to mediate many of the age-related influences on the other variables would likely provide a good fit to the data, similar good fits would probably also occur for models based on any variables having moderate to high loadings on the common factor. From this perspective, therefore, it may not be particularly productive to attempt to specify the causal priority among the variables with the currently available information.
The key feature of this last interpretation is that the common factor is postulated to contribute to much of the age-related influences on a wide range of cognitive measures (e.g., Salthouse, 1994b; Salthouse, Fristoe, & Rhee, 1996) . The novel contribution of the current studies and of the studies by Lindenberger and Baltes (1994) and Baltes and Lindenberger (1995, in press) is to suggest that fairly basic sensory functions are also included within the common factor. That is, the common factor appea$ to reflect primitive central nervous system functions represented not only by measures of processing efficiency, but also by measures of corrected visual acuity. However, it should be emphasized that the common factor is not responsible for all observed age-related effects because unique or independent age-related influences were evident on the vision measures in Study 3 (cf., Figure 3) , and independent age-related influences have been found on measures of memory in other studies (e.g., Salthouse et al., 1996) .
It is interesting to consider the implications of the hypothesized common factor for a theorist attempting to account for the age differences observed in measures of working memory or in a cognitive task like associative learning or concept identification. The theorist could attempt to account for the observed age differences in these tasks by focusing on fairly specific processes, such as the ability to inhibit irrelevant information, or to shift set when receiving changing feed-VI S I ON -C OGN ITI ON RELATION S P329 back. However, the results ofthese and other recent studies indicate that there may be no significant age differences in the to-be-explained measures after the research participants are statistically equated on measures of speed or measures of near-visual acuity. These findings imply that the age-related influences on many cognitive measures are not independent of the age-related influences on measures of simple processing efficiency and of corrected visual acuity. This in turn indicates that the age-related effects on the cognitive tasks are not restricted to processes specific to those target tasks. Limiting the explanatory focus to a single task may therefore result in misleading conclusions about the factors responsible for the age-related differences in that task. If, as the results of these and other studies seem to indicate, those differences are not independent of the differences in other tasks, then the theorist may simply be describing one symptom or manifestation of a much broader phenomenon by concentrating exclusively on the results of a single task.
Although the research described above raises at least as many questions as it answers, it does suggest an important priority for future research. That is, a major goal should be to explore the nature of the hypothesized common factor by determining what other combinations of variables share agerelated variance and by determining what variables have independent age-related influences. The discovery that measures of sensory ability appear to be involved in the common factor also suggests that the range of variables to be examined should be expanded to include noncognitive variables.
